1. Introduction {#sec1}
===============

Exposures to hazardous chemicals and pesticides that are harmful to human health are increasing day by day. Chemicals and pesticides commonly used in the agricultural area sometimes contaminate fruits, vegetables, and drinking water. Dangerous chemicals such as formaldehyde (FA), carbide, etc. are used illegally for the preservation of fruits, vegetables, fishes, etc. \[[@bib1], [@bib2]\]. Moreover, FA is widely used in the industrial and medical fields, and employees in these sectors are frequently exposed to it. This chemical is hazardous to major organs like the brain, liver, kidney, pancreas, lung, etc. \[[@bib3], [@bib4], [@bib5]\].

FA is a very reactive one-carbon compound that can react with various cellular components such as lipids, proteins, and nucleic acids \[[@bib6]\]. FA quickly diffuses into many tissues, including the brain, testes, and liver after intraperitoneal, oral, or nasal administration \[[@bib7]\]. It can cause gene mutations, carcinogenesis, a neurodegenerative disorder, digestive complications, and spermatogenetic inhibition \[[@bib8], [@bib9]\]. FA sharply increases free radicals in the human body (e,g. hepatic cells) by acting as a pro-oxidant or by reducing antioxidant levels and contributing to the progression of a variety of chronic diseases \[[@bib10]\]. FA is often synthesized by the natural biochemical reactions that are unavoidable. Various marine organisms together with fish develop FA progressively in post-mortem condition by the reduction of dimethylamine oxide \[[@bib11], [@bib12], [@bib13]\]. The maximum value of naturally occurring FA is up to 60 mg/kg in some foods like fruits and marine fish \[[@bib14], [@bib15]\]. FA concentrations in fish have higher extreme values of 220--290 mg/kg \[[@bib16], [@bib17]\]. The maximum acceptable exposure level of FA to humans is 100 mg/kg \[[@bib18]\]. However, no specific antidote is available for the treatment of FA-induced organ toxicity. Treatment against FA-induced toxicity is mainly the supportive care of the various organ systems and multiple approaches are required for the proper management. Daily intake of natural foods and supplements that are rich in bio-active compounds can effectively suppress hazardous FA-induced organ damages. Natural compounds having antioxidant properties are classified as secondary plant metabolites, e.g., polyphenols (phenolic acids, flavonoids). The supplementation of foods that contain these compounds in large extents appears to play an important role in prophylaxis against many diseases. Phenolic compounds act as an antioxidant via different modes, such as by \'scavenging\' free radicals as well as enhancing the activity of other antioxidants, e.g., fat-soluble vitamins \[[@bib19]\].

Pumpkin (*Cucurbita maxima*; Family-Cucurbitaceae) is one of the most popular vegetables worldwide. The nutrition value of pumpkin seed is familiar. The major nutritionally related components of pumpkin seeds are proteins (30--51 %) and oils (up to 40 %). They are also rich in carbohydrates and microelements. The seed extract contains triglycerides with palmitic, stearic, oleic, and linoleic acid as the dominant fatty acids. Other important components present in the pumpkin oils are tocopherols, sterols, phospholipids, and hydrocarbons. Animal studies have shown that pumpkin, pumpkin seeds, pumpkin seed powder, and pumpkin juice can reduce blood sugar \[[@bib20], [@bib21]\]. The pumpkin seed oil exhibits anti-inflammatory effects \[[@bib22]\], reduces elevated blood pressure, and blood cholesterol levels \[[@bib23], [@bib24]\]. Pumpkin seed oil can be obtained by following several methods such as solvent extraction \[[@bib25]\], aqueous enzymatic extraction \[[@bib26]\], microwave-assisted aqueous enzymatic extraction \[[@bib27]\], cold-pressing extraction \[[@bib28]\], or supercritical CO~2~ extraction methods \[[@bib29]\]. The modern way of processing vegetable oil is solvent extraction, which produces higher yields and is quicker and less expensive. Solvent extraction as employed in the United States is the most efficient means of deriving vegetable oil from the seeds \[[@bib30]\]. In terms of oil yield, extraction efficiency, and oil qualities, petroleum ether or n-hexane is a good choice of solvent for the extraction of pumpkin seed oils \[[@bib31]\].

In the present study, for the first time, we investigated the protective effect of pumpkin seed oils as well as the signalling molecular mechanisms of the protective effect against FA-induced organ damages in mice model.

2. Materials and methods {#sec2}
========================

2.1. Chemicals {#sec2.1}
--------------

Formaldehyde was purchased from Merck (Darmstadt, Germany). Catechin hydrate, malondialdehyde tetrabutylammonium salt, thiobarbituric acid (TBA), 5, 5′-dithiobis 2-nitrobenzoic acid (dTNB) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Ascorbic acid and vitamin E were obtained as the generous gift samples from Square Pharmaceuticals Ltd., Dhaka, Bangladesh. SGOT and SGPT assay kits were purchased from Human (Germany). Pyrogallol, gallic acid, Folin-Ciocalteu reagent (FCR), 2, 2-diphenyl-1-picrylhydrazyl, KOH, xylene, hematoxylin, and eosin were purchased from Loba Chemie (India). All other chemicals were of analytical grade and procured from reliable commercial suppliers.

2.2. Collection and extraction of pumpkin seed oil {#sec2.2}
--------------------------------------------------

Pumpkin seeds were collected from the local market and authenticity was confirmed as *Cucurbita* species by a taxonomist, Department of Botany, University of Rajshahi, Bangladesh. After proper drying and grinding into a coarse powder, it was soaked into petroleum ether for 72 h with occasional shaking and stirring for the extraction of oils. The acid value of extracted oil was determined according to AOAC \[[@bib32]\] standard to ensure the quality of extracted oils.

2.3. In vitro chemical analysis of pumpkin seed oil extract {#sec2.3}
-----------------------------------------------------------

i)Analysis of total phenolic and flavonoid contents

The total phenolic (TP) content of the pumpkin seed oil (PSO) extract was determined by Folin-Ciocalteu reagent (FCR) according to the method of Kumar *et al.* \[[@bib33]\]. Briefly, 0.5 ml (1 mg/ml) of PSO extract was mixed with 2.5 ml of FCR (diluted tenfold) and 2.5 ml of sodium carbonate (75 g/l) solution. The resultant mixture was incubated for 30 min at 25 °C to complete the reaction, and the absorbance was measured at 760 nm by UV--Visible spectrophotometer. The total phenolic content was calculated by comparison with the standard calibration curve of gallic acid, and results were presented as mg of gallic acid equivalents (mg of GAE) per gram (g) dry weight of the extract. On the other hand, the total flavonoid content of the PSO extract was estimated as described by Zhishen *et al.* \[[@bib34]\], which was modified by Alpona *et al.* \[[@bib35]\]. Briefly, 0.5 ml (1 mg/ml) of PSO extract was mixed with 2 ml of distilled water and then with 0.15 ml of NaNO~2~ solution (15%). The mixture was then incubated for 6 min, and 0.15 ml of AlCl~3~ solution (10%) was added to the mixture, which was again allowed to stand for another 6 min. Then 2 ml of NaOH solution (4%) was added to the mixture and adjusted the final volume to 5 ml by distilled water. The mixture was then mixed properly and allowed to stand for another 15 min. The final solution\'s absorbance was measured at 510 nm. The total flavonoid content was calculated by comparison with the standard calibration curve of catechin, and results were presented as mg of catechin equivalents (mg of CAE)/g dry weight of the extract. All tests were conducted in triplicate.ii)In vitro DPPH free radical scavenging activity assay

The PSO extract was tested for the free radical scavenging activity on the 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical following the method of Pan *et al.* \[[@bib36]\]. Briefly, 0.2 ml of PSO extract at different concentrations (1, 2, 4, 8, 16, 32 and 64 μg/ml, respectively) was added to 8 ml of 0.004% (w/v) DPPH solution. Both PSO extract and DPPH were dissolved in 95% ethanol. After 30 min of incubation at room temperature, the absorbance was read against a blank at 517 nm using a UV-visible spectrophotometer (Shimadzu, Tokyo, Japan). The per cent inhibition (I %) of DPPH free radical was calculated by the following way:Here, A ~blank~ is the absorbance of the reaction mixture containing all reagents except the test compound (blank solution), whereas A ~sample~ is the absorbance of the reaction mixture containing the test compound. The tested compound concentration, which delivered 50% inhibition, (IC~50~, stated in μg/ml) was calculated from the graph plotted as inhibition percentage against the extract concentration. Ascorbic acid was used as a standard free radical scavenging agent.iii)In vitro total antioxidant activity assay

The total antioxidant activity of the extract was assessed by the phosphomolybdenum method as described previously \[[@bib37]\]. Briefly, 0.5 ml of PSO extract at different concentrations (6.25, 12.5, 25, 50, and 100 μg/ml) was mixed with 3 ml of phosphomolybdenum solution (0.6 M H~2~SO~4~, 28 mM Na~3~PO~4~ and 4 mM ammonium molybdate). The mixture was incubated in a water bath at 95 °C for 90 min and subsequently cooled at room temperature. The absorbance of the solution was measured at 695 nm against blank and the values were presented as equivalent to mg of catechin/g of dried extract. The experiment was conducted in triplicate, and results were reported as mean ± SEM.

2.4. Experimental animals {#sec2.4}
-------------------------

Thirty-two Swiss Albino mice of average weight 32.88 g and age six weeks were purchased from the animal centre, Department of Biochemistry and Molecular Biology, Rajshahi University, Rajshahi, Bangladesh. They were kept in polypropylene mice cages all over the study. They were housed in a temperature-controlled (24 ± 1 °C) room with 60--70% humidity and standardized light/dark (12/12 h) cycles. They were adapted for 1 week and fed with standard mice diet and tap water *ad libitum*. The animal handling guidelines were approved by the Institutional Animal, Medical Ethics, Biosafety, and Biosecurity Committee of the University of Rajshahi, Bangladesh.

2.5. Experimental design {#sec2.5}
------------------------

The experimental mice were randomly allocated into four groups of eight members each as follows: The treatment schedule was for four weeks (28 days).Group 1:The control group received normal drinking water.Group 2:The formaldehyde (FA)-induced group received 10 mg/kg body weight FA intraperitoneally (IP) once a day \[[@bib38]\].Group 3:The treatment group received FA plus PSO extract (4 ml/kg) orally once a day \[[@bib39], [@bib40]\].Group 4:The standard group received FA plus vitamin E (4 IU/kg) orally once a day \[[@bib41], [@bib42]\].

2.6. Evaluation of biochemical markers for liver, kidneys, and brain {#sec2.6}
--------------------------------------------------------------------

Blood samples were collected directly from the heart after the end of the experimental schedule, and serum was isolated by centrifuging the whole blood at 2300×g for 10 min. SGOT and SGPT enzyme levels were determined by using assay kits obtained from Human, Germany, according to the methods of Reitman and Frankel \[[@bib43]\]. Serum creatinine was estimated by Jaffe\'s method \[[@bib44]\], glutathione (GSH) was determined according to the methods of Ellman GL and Wu G \[[@bib45], [@bib46]\], SOD was determined according to the method of Marklund and Marklund \[[@bib47]\], and catalase activity was assayed following the method of Kar and Mishra \[[@bib48]\]. Lipid peroxidation of tissue homogenate was determined by measuring thiobarbituric acid reactive substances (TBARS) according to the method of Preuss *et al.* \[[@bib49]\]. The protein concentration of serum and tissue homogenates was estimated by the standard Lowry method \[[@bib50]\].

2.7. Histopathological study of liver, kidney and brain tissues {#sec2.7}
---------------------------------------------------------------

After sacrifice liver, kidney, and brain tissues were separated, washed in cold saline water, and fixed in 10% neutral buffered formalin. For histopathology, tissues were embedded in paraffin and several sections of tissues were transversely cut (5μm) using a microtome. Then, slides were deparaffinized in *p*-xylene and washed with decreasing order of ethanol (100%, 90%, 80%, 70%, and 50%) and finally rinsed under tap water. Slides were then stained by hematoxylin-eosin and viewed under a light microscope (Olympus IX71, Japan) connected to a computer.

2.8. Statistical analysis {#sec2.8}
-------------------------

All data are presented as the mean ± SEM (standard error of the mean). Variances among groups were calculated by one-way analysis of variance (ANOVA) or Student *t-test* where it was necessary. Values at *p \< 0.05* were considered statistically significant. Statistical analysis was carried out by using a statistical software package Graph Pad Prism 7.0 (San Diego, CA, USA).

3. Results {#sec3}
==========

3.1. In vitro chemical assay of pumpkin seed oil extract {#sec3.1}
--------------------------------------------------------

The acid value of petroleum ether-extracted pumpkin seed oil (PSO) was 1.80 ± 0.2 mg/KOH/g of oil. The acid value is a relative measure of rancidity as free fatty acids are normally formed during the decomposition of triglycerides. This value is concordant with previous reports \[[@bib51]\]. Hence, the extracted PSO was free from decomposed fats. The total phenolic content of the PSO extract, calculated from the calibration curve (*R*^2^ = 0.9961, [Figure 1](#fig1){ref-type="fig"}A), was 7.43 mg gallic acid equivalent (GAE)/g of oil and the total flavonoid content (*R*^2^ = 0.9997, [Figure 1](#fig1){ref-type="fig"}B) was 116.8 mg catechin equivalent/g of oil. As shown in [Figure 1](#fig1){ref-type="fig"}C, PSO extract scavenged DPPH free radicals in a concentration-dependent manner. The maximum scavenging (84.5 ± 0.4%) of DPPH free radicals was observed by 100 μg of PSO extract. Whereas the same dose (100 μg) of ascorbic acid scavenged the maximum of 97.2 ± 0.2% DPPH free radicals. Besides, 50% inhibitory concentration (IC~50~) values of DPPH free radical neutralizing activities were found to be 3.41 μg/ml and 12.64 μg/ml for ascorbic acid and PSO extract, respectively. [Figure 1](#fig1){ref-type="fig"}D showed that PSO extract has antioxidant activity. Catechin was used as a standard antioxidant agent. The results are concordant with the presence of total phenolic and total flavonoid contents in PSO extract.Figure 1Calibration curve for standard (A) gallic acid and (B) catechin. (C) DPPH free radical scavenging activity of PSO extract. Ascorbic acid was used as a standard free radical scavenging agent (D) Total antioxidant activity of the PSO extract. Catechin was used as a standard antioxidant agent.Figure 1

3.2. Effects of PSO extract on SGOT, SGPT and serum creatinine {#sec3.2}
--------------------------------------------------------------

Estimation of serum GOT, and GPT are good indicators for the evaluation of liver health. These enzymes are elevated in the case of damaged/injured liver. On the other hand, the serum creatinine level indicates kidney health. Twenty-eight days after the treatment period, blood samples were collected and estimated those biochemical parameters. As shown in [Figure 2](#fig2){ref-type="fig"}A, B, C, intraperitoneal injection of FA caused a significant elevation of SGOT (26.0 ± 0.91 vs 39.0 ± 1.30; normal control vs FA group), SGPT (36.0 ± 1.68 vs 91.8 ± 1.65), and serum creatinine (0.57 ± 0.03 vs 1.05 ± 0.07), respectively. Mice pretreated with PSO extract suppressed the FA-induced elevation of SGOT (39.0 ± 1.30 vs 20.5 ± 0.65; FA-group vs PSO treatment group), SGPT (91.8 ± 1.65 vs 51.0 ± 1.29), and serum creatinine (1.05 ± 0.07 vs 0.65 ± 0.07) significantly. The standard antioxidant agent, vitamin E suppressed the FA-induced elevation of SGOT (39.0 ± 1.30 vs 19.0 ± 0.71; FA-group vs vitamin E treatment group), SGPT (91.8 ± 1.65 vs 41.0 ± 1.78), and serum creatinine (1.05 ± 0.07 vs 0.58 ± 0.05). The results suggest that the magnitude of suppression of PSO extract was quite similar to that of vitamin E. The level of SGOT, SGPT, and serum creatinine were expressed as IU/L.Figure 2Effect of PSO extract on FA-induced elevated biochemical parameters. Mice pretreated with PSO extract significantly attenuated the FA-induced elevation of (A) SGOT (B) SGPT, and (C) serum creatinine. ∗ indicates a significant elevation of blood biomarkers (SGOT, SGPT, and serum creatinine) in the FA-induced group as compared to the control group. \# indicates a significant attenuation of the elevation of biomarkers in the treatment group as compared to the FA-induced group. Values at *p \< 0.05* were considered statistically significant. All experiments were repeated three times for reproducibility.Figure 2

3.3. Effect of PSO extract on FA-induced lipid peroxidation {#sec3.3}
-----------------------------------------------------------

Lipid peroxidation comprises the oxidative degradation of polyunsaturated fatty acids to malondialdehyde (MDA). We compared MDA levels in the brain, liver, and kidney tissues with or without pretreatment of PSO extract to investigate the protective effects against oxidative lipid peroxidation. As shown in [Figure 3](#fig3){ref-type="fig"}, MDA level in the brain, liver, and kidney tissue homogenates of the normal control group was 153.91 ± 0.90, 109.62 ± 3.93 and 70.58 ± 3.91 nM/mg of tissue proteins, respectively, whereas, in FA-induced group, the level of MDA was 280.06 ± 1.54, 171.15 ± 3.32 and 107.24 ± 5.66 nM/mg of tissue proteins, respectively. But in the PSO pretreated group, it was 214.04 ± 2.06, 109.87 ± 26.10, and 59.70 ± 5.51 nM/mg of tissue proteins, respectively. In the case of standard antioxidant, vitamin E pretreated group, the level was 205.26 ± 7.47, 106.54 ± 25.24, and 61.41 ± 8.99, respectively. Statistical analysis has shown that the level of MDA was significantly higher in the FA-induced group as compared to the control group, which were significantly attenuated by the pretreatment of PSO extract with FA. The Student *t-test* was used for comparison between two groups. Values at *p \< 0.05* were considered statistically significant.Figure 3Effect of PSO extract on FA-induced lipid peroxidation. Mice pretreated with PSO extract significantly attenuated the FA-induced elevation of malondialdehyde (MDA) levels. ∗ indicates a significant elevation of MDA in the FA-induced group as compared to the control group. \# indicates a significant attenuation of the elevation of MDA in the treatment group as compared to the FA-induced group. Values at *p \< 0.05* were considered statistically significant.Figure 3

3.4. Effect of PSO extract on endogenous antioxidant enzyme activity {#sec3.4}
--------------------------------------------------------------------

The living body possesses endogenous antioxidant defence systems to prevent the formation of free radicals and to decrease their damaging effect. The antioxidant defence systems include-catalase (CAT), superoxide dismutase (SOD), glutathione (GSH), etc. We estimated serum and tissues (liver, kidney, and brain) CAT, SOD, and GSH levels according to the methods as described in the "*materials and method section*" after the scheduled experimental periods with or without PSO extract pretreatment. As shown in [Table 1](#tbl1){ref-type="table"}, FA-induction caused a significant reduction of serum and tissue endogenous antioxidant enzymes level as compared to the control group whereas pretreatment of PSO extract significantly attenuated the FA-induced reduction of those antioxidant enzymes level, suggesting that FA caused the elevation of oxidative stress that exhausted the endogenous antioxidant pools. However, supplementation with PSO extract maintained the endogenous antioxidant levels within the normal range, presumably by neutralizing the excess oxidative stress.Table-1Effects of PSO extract on endogenous antioxidant enzyme activity.Table-1TreatmentCAT(μmol/mg)SOD(U/mg)GSH(U/mg)SerumLiverKidneySerumLiverBrainKidneyLiverKidneyN. Control1.32 ± 0.0193.90 ± 2.094.73 ± 2.302.66 ± 0.104.32 ± 0.2114.99 ± 0.054.54 ± 0.07111.93 ± 4.071.13 ± 2.20FA-induced0.42 ± .03∗42.24 ± 0.97∗36.43 ± 9.65∗1.75 ± 0.11∗2.52 ± 0.10∗3.71 ± 0.33∗3.92 ± 0.1639.41 ± 4.63∗41.70 ± 5.31∗FA + PSO1.12 ± 0.01^\#^62.75 ± 3.29^\#^89.05 ± 5.58^\#^2.55 ± 0.15^\#^3.71 ± 0.06^\#^6.52 ± 0.05^\#^4.30 ± 0.13130.03 ± 2.2^\#^70.90 ± 1.68^\#^FA + Vit E1.24 ± 0.03^\#^65.56 ± 1.0^\#^85.58 ± 5.12^\#^2.65 ± 0.15^\#^4.04 ± 0.07^\#^6.35 ± 0.20^\#^4.34 ± 0.1136.12 ± 1.1^\#^104.38 ± 2.4^\#^[^1]

3.5. Histopathological study of liver, kidney and brain tissues {#sec3.5}
---------------------------------------------------------------

Twenty-eight days after the treatment period, animal\'s organs were dissected and investigated macroscopically. As shown in [Figure 4 (I)](#fig4){ref-type="fig"}, snapshots of liver, kidney, and brain have shown that FA administration results in the blackish discolouration of the organs probably due to the oxidative damages. However, those organs, dissected from the PSO extract pretreatment group was similar to the organs of the control group. These observations are concordant with the above biochemical evaluations, suggesting that PSO extract has a protective effect against FA-induced organ damages. The histopathological studies of liver, kidney, and brain tissues under the microscope showed varying degrees of cellular changes in the FA-induced mice group as compared to the control group. In liver tissue of the control group as shown in [Figure 4 (II)](#fig4){ref-type="fig"} A, the lobular structure remained unaltered, central vein were intact, sinusoids and Kupffer cells were normal. However, in the liver tissue of the FA-induced group, there was congestion of central vein and swelling of hepatocytes ([Figure 4 (II)](#fig4){ref-type="fig"} B). We found that the pretreatments of PSO extract in the FA-induced mice group, the liver tissues were protected with central vein and normalized hepatocytes ([Figure 4 (II)](#fig4){ref-type="fig"} C). In [Figure 4 (II)](#fig4){ref-type="fig"} D, the standard vitamin E treatment group also showed the protective effects against FA-induced hepatic damages. On the other hand, in case of the histopathological analyses of kidney tissues, we found that glomerular and tubular structures were disorganized in the FA group\'s mice ([Figure 4 (III)](#fig4){ref-type="fig"} B) when compared to the control group ([Figure 4 (III)](#fig4){ref-type="fig"} A), which were protected by the pretreatment with PSO extract ([Figure 4 (III)](#fig4){ref-type="fig"} C) and standard antioxidant, vitamin E ([Figure 4 (III)](#fig4){ref-type="fig"} D). The results suggest that PSO extract has protective effects against FA-induced kidney damages. Besides, from the histopathological analyses of mouse brain tissues, we found that structure of hippocampus became altered, and the number of astrocytes in the cortex were decreased in FA group\'s mice ([Figure 4 (IV)](#fig4){ref-type="fig"} B) as compared to the control group ([Figure 4 (IV)](#fig4){ref-type="fig"} A). In PSO extract pretreated group, there was no significant recovery of the structure of the hippocampus, but the number of astrocytes increased ([Figure 4 (IV)](#fig4){ref-type="fig"} C). In the vitamin E group, we found a little improvement in the hippocampus part and increased number of astrocytes ([Figure 4 (IV)](#fig4){ref-type="fig"} D).Figure 4Histopathological analysis of mouse liver, kidneys, and brain. I. Macroscopic observations of mouse liver, kidneys, and brain. Representative snapshots of liver, kidneys, and brain, showing normal visual colour in (A) control group, which became blackish discolouration in (B) FA-induced group. However, mice pretreated with (C) PSO extract and (D) vitamin E protected the FA-induced oxidative changes to blackish discolouration. Snapshots were taken by Canon Powershot sx100 (Japan). II. Mouse liver histopathology analysis. (A) A photomicrograph of a liver section from the control group, showing a compact configuration of hepatic tissue with the intact central vein (B) A photomicrograph of a liver section from FA-induced group, showing congestion of central vain and swelling of hepatocytes. However, liver sections from (C) PSO pretreated group, and (D) standard antioxidant, vitamin E treated group, showing a nearly normal architecture of hepatocytes with the central vein. (H&E, ×20, scale bar, 50 μm). III. Mouse renal histopathology analysis. (A) A photomicrograph of a renal tissue section from the control group, showing a normal architecture of glomerulus and renal tubular structure. (B) A photomicrograph of a renal tissue section from the FA-induced group, showing degeneration of glomerulus and tubular structure, which were protected in (C) PSO extract pretreated group and (D) standard antioxidant, vitamin E treated group. (H&E, ×20, scale bar, 50 μm). IV. Mouse brain histopathology analysis. (A) Photomicrographs of a brain tissue section from the control group, showing the normal organization of hippocampus and astrocytes in the cortex. (B) Photomicrographs of a brain tissue section from FA-induced group, showing the deformed architecture of hippocampus and less number of astrocytes in the cortex. Representative photomicrographs from (C) PSO extract pretreated group, and (D) vitamin E pretreated group, showing no significant protection of hippocampal degeneration but the number of astrocytes in the cortex was increased as compared to the FA-induced group. (H&E, ×10, scale bar, 50 μm).Figure 4

4. Discussion {#sec4}
=============

Formaldehyde (FA) is legally used in the medical sector for preserving dead bodies in hospital mortuaries, dissection room in medical colleges, fixation of biopsy sample for medical examinations, disinfection of hospital rooms, operation theatres, and few surgical instruments. But this is sometimes used unethically for preserving foods and daily commodities. The widespread use of FA is dangerous to public health. In the present study, we aimed to investigate the protective effect of PSO extract against formaldehyde (FA)-induced damages of major organs (liver, kidney, brain).

Phytochemical screening of PSO extract has shown the presence of phenolic and flavonoid compounds ([Figure 1](#fig1){ref-type="fig"}A, B). Phenolic compounds have redox properties, which allow them to act as antioxidants \[[@bib52]\]. As their hydroxyl groups enable their free radical scavenging ability, the total phenolic concentration might be used as a basis for the evaluation of the antioxidant activity. Plant flavonoids have antioxidant activity in vitro and also act as antioxidants in vivo \[[@bib53], [@bib54]\]. FA-induction (10 mg/kg b.w. IP) to Swiss Albino mice caused the abnormalities of several biochemical parameters such as elevation of serum glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT), and serum creatinine. Glutamic oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase (GPT) are two enzymes that are synthesized and stored solely in the liver. However, during injury and inflammation of liver cells, these enzymes are released from the liver and raise the concentration in blood as SGOT and SGPT. Therefore, SGOT and SGPT are good indicators of liver injury and/or inflammation. Serum creatinine is a biomarker for the determination of kidney inflammation and injury \[[@bib55]\]. During the experimental period, we observed the slight reduction of animals\' body weight, decreased food and water intake, and appearance of some clinical symptoms such as depression, lethargy, etc. (data not shown). Similar clinical signs were investigated by Bhatt *et al.* in rats \[[@bib56]\]. Mice pretreatment with PSO extract has shown to decrease the FA-induced elevation of SGOT, SGPT, and serum creatinine significantly ([Figure 2](#fig2){ref-type="fig"}), suggesting the liver and kidney protective effects of PSO extract against FA-induced damages. FA disturbs the oxidant-antioxidant balance, by the production of reactive oxygen species (ROS), resulting in oxidative stress \[[@bib57]\]. The process of lipid peroxidation is a type of oxidative stress \[[@bib58]\]. Malondialdehyde is a measure of lipid peroxidation. In the present study, the MDA level in the brain, liver, and kidney tissues was significantly higher in the FA-treated group than the control group. In brain tissue, the MDA level was higher than the liver and kidney tissues. The result suggests that oxidative stress is an important mechanism of organ damages. Zhang *et al.* \[[@bib59]\] reported that FA caused the increment of ROS that caused the toxicity of the central nervous system \[[@bib60]\]. FA-induced elevation of MDA was significantly attenuated in the group pretreated with PSO extract and vitamin E ([Figure 3](#fig3){ref-type="fig"}). Histopathological observations also suggested that FA induction caused the damages of the liver, kidneys, and brain ([Figure 4](#fig4){ref-type="fig"}). Excessive ROS production results in several deleterious events, including an irreversible oxidative modification of lipids, proteins, and carbohydrates \[[@bib61], [@bib62]\]. Besides, it induces apoptosis in hepatocytes and the release of inflammatory cytokines, thereby increasing the expression of adhesion molecules and the infiltration of leukocytes. A combination of all of these processes causes massive tissue destruction in the liver \[[@bib63], [@bib64]\].

To find the molecular mechanisms for the protective effects of PSO extract against FA-induced major organ damages, we investigated the endogenous protective antioxidant levels. Biochemical analyzes have shown that FA-induction caused the reduction of endogenous antioxidants such as CAT, SOD, and GSH. And treatment with PSO extract preserved the antioxidant pools. The present data of GSH results in the experimental groups are in agreement with previous reports \[[@bib65], [@bib66]\], who found that GSH is an antioxidant and powerful nucleophile. It has been mentioned that the antioxidant activity of PSO extract is due to the presence of the phenolic group \[[@bib67]\]. In this study, we found that in the liver and kidney, the activity of GSH is more than the brain. In the FA treated group, there is a significant level of decrease of GSH. After FA treatment, the level of ROS increased, and liver GSH plays an important role in protecting membrane lipids from ROS \[[@bib68]\]. It is rapidly oxidized by oxidants released from the metabolism or degrading process. This depletion may be the reason for low GSH values in the liver, brain, and kidney. PSO extract possesses strong antioxidant properties in experimental animals \[[@bib69]\]. PSO administration showed a significant elevation of serum glutathione levels in albino rats \[[@bib70]\]. Tissue glutathione depletion seems to be responsible for the induction of lipid peroxidation \[[@bib71]\]. In our experiment, we found that CAT activity decreased in the FA treated group. A decreased activity of CAT might be due to the consumption of enzymes as a result of ROS. Decreased CAT activity could be attributed to cross-linking and inactivation of the enzyme protein in the lipid peroxidases \[[@bib72]\]. From the results of our study, we found that CAT activity is more significant in the liver than the kidney and brain. SOD is the most important mitochondrial antioxidant enzymes and provides defence against superoxide anions. We observed in our study that SOD activity was decreased in the FA-induced group. In the PSO and vitamin E pretreated group, this level was increased. SOD\'s located in the cytosol and mitochondria, catalytically convert the superoxide radicals into oxygen and H~2~O~2~. Another assumption of depletion of SOD is the excess activation of phagocytes and the production of superoxide radicals \[[@bib73]\] that can harm surrounding tissue either by a powerful oxidizing action or by the formation of hydrogen peroxide and hydroxyl radical from ROS. ROS initiates lipid peroxidation and destroys membrane. This destruction may initiate an inflammatory reaction process. The present study found that PSO extract pretreatment under FA-induced toxic circumstances significantly protected the liver and brain structure and restore liver functions. This protective effect of PSO extract could be the result of direct free radical scavenging properties \[[@bib74]\].

5. Conclusion {#sec5}
=============

FA caused the damages of major organs such as the brain, liver, kidneys, etc. in Swiss Albino mice. FA-induced organ damages were due to lipid peroxidation and an excessive load of oxidative stress that depleted the endogenous antioxidative defence mechanisms. However, pretreatment of mice with PSO extract protected the FA-induced organ damages. The PSO extract protected the organs by scavenging excess oxidative stress and prevented lipid peroxidation induced by FA. The endogenous antioxidant pools were also preserved in PSO treated mice. Pumpkin seed oil (PSO) is edible, cheap, and easily available, especially in Bangladesh. Hence, it can be a useful supplement in our daily life to protect our major organs and to maintain a healthy life. PSO can be used as an adjuvant for the formulation of functional foods. However, further study necessitates for its proper application.
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[^1]: Effect of PSO extract on endogenous antioxidant enzyme activity. ∗ indicates significant changes in endogenous antioxidant enzyme levels as compared to the control group. \# indicates significant attenuation of the FA-induced changes of endogenous antioxidant enzymes in the treatment group as compared to the FA-induced group. Values are mean ± SEM of eight animals\' data. Data were considered statistically significant when *p* \< 0.05.
